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CHAPTER I: GENERAL INTRODUCTION 
Homology Based Annotation Of Protein Sequences 
The number of DNA and protein sequences in GenBank continues 
to grow at an exponential rate. Annotation of all these novel 
sequences is a formidable challenge. Clearly, it is not 
feasible to provide experimental verification at the same rate 
as sequence deposition. Therefore, automatic annotation based 
on similarity to sequences with known structures and functions 
is the only practical choice. Even though two similar protein 
sequences are not necessarily homologs, a novel sequence that 
is similar enough to a known protein is generally assumed to 
be a potential homolog. 
There are generally two strategies for automatic annotation of 
newly discovered proteins based on sequence similarity 
analysis: 1) sequence alignment (e.g., BLAST, Altschul 1990), 
and 2) pattern identification (e.g., PROSITE, Bairoch 1992). 
BLAST (Basic Local Alignment Search Tool) 
used program for annotation of novel 
alignment. Potential homologs of the 
is the mostly widely 
sequences through 
query sequence are 
revealed by high similarity between query and subject 
sequences. One practical problem with BLAST is that it tends 
to produce too many false positive hits. This is because BLAST 
reports the positive hits based on the HSPs (high-scoring 
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segment pairs) found in alignments. Two functionally unrelated 
sequences may be aligned in their componentially similar but 
non-conserved and presumably uncritical regions to form HSPs 
with very low E-values. In addition, BLAST fails when two 
sequences are very remotely related. As a complement to BLAST, 
PSI-BLAST (Position Specific Iterated BLAST, Altschul 1997) is 
designed to search for weakly similar sequences. PSI-BLAST 
generates a position-specific score matrix from significant 
hits found in one round of BLAST and then iteratively extends 
the search with the score matrix in subsequent rounds. PSI-
BLAST does reveal some homologs with very weak similarity to 
the subject sequence. However, it tends to give even more 
false positives. The higher false positive rate in the initial 
round of BLAST jeopardizes the reliability of PSI-BLAST. 
Motif pattern identification approaches can be used to 
overcome the weaknesses of BLAST. These approaches seek to 
identify the critically conserved sequence elements throughout 
evolution even in the presence of much overall sequence 
divergence. These characteristic conserved sequence elements 
are presumably critical to maintain the similar structures and 
/or functions and thus define "protein motifs II that can be 
used to represent 
subfamilies. 
the respective 
Compared to 
protein families or 
BLAST/PSI-BLAST, 
motif/pattern/profile searching is much more sensitive and 
specific. This is due to the fact that only protein motif 
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regions are concerned when aligning a novel sequence to a 
protein motif. There is no noise from the non-conserved 
regions. In addition, annotation by protein motifs can reveal 
remotely related members by combination of evidence from 
several weakly alignment protein motifs. Furthermore, 
motif pattern identification greatly reduces the 
protein 
task for 
annotation of novel protein or EST sequences. Generally only a 
few protein motifs are found when searching motif databases, 
and detailed annotation of the motifs including family members 
of respective protein family, and structural and functional 
roles are immediately accessible. This avoids the tedious work 
for checking a long list of BLAST hits. 
General Strategy To Construct Protein Motifs 
Even though each protein motif database has its own algorithm 
to construct motifs, the general principle is the same. First, 
known member sequences are collected from the protein sequence 
databases. The conserved regions among the known member 
sequences are extracted by either protein sequence alignment 
or other statistical algorithm such EM algorithm (Expectation 
Maximization) used in MEME (Motif Multiple EM for Motif 
Elucidation, Bailey 1995). Before constructing protein motifs, 
sequence weight and pseudo-count technologies are generally 
applied to avoid the motif biased to a specific subgroup or 
over fitting. The protein motifs are built based on multiple 
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alignment of the conserved regions and can be in different 
formats. 
The simplest motif representation is regular expression 
pattern. For example, the pattern [LIVM:N"]-[KR]-G-N-H-E is the 
Serine/threonine specific protein phosphatase signature. It 
indicates that the first position of the motif could be either 
of 5 amino acids. The second position is an amino acid with 
positive charge. The third is glycine and so on. The pattern 
is simple and easy to manipulate. PSSM (position specific 
score matrix) is a more complicated way to represent a protein 
motif. It is built from the ungapped alignment with the 
assumption that all 20 amino acids could appear in each 
position but with different probabilities. At each column of 
the alignment, probabilities for each of 20 amino acids are 
calculated and the score is assigned based on calculated 
probabilities. For example, an ungapped alignment of 30 amino 
acids long produced a 30*20 PSSM. Unlike patterns that give 
yes or no answers, a match score and its statistical 
significance will be given when aligning a sequence to a PSSM. 
A similar but even more complicated representation of protein 
motifs is protein profiles. It is built on the full alignment 
and assigns a score to insertion/deletion at each position. 
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Each profile has its own cutoff value for significant match 
scores. 
Protein Motifs Databases 
There are several motif databases widely used currently (Table 
1.1). Each motif database has its own strengths and caveats. 
PROSITE is the first protein motif database and also one of 
the most widely used (Bairoch, 1992, Falquet, 2002). It is 
expert curated, exceptionally well documented and closely 
related to SWISS-PROT. The classification of homologous 
protein families is done manually and therefore quite 
reliable. Most motifs in PROSITE are represented as patterns. 
Protein profiles have been added recently. 
PFAM is another widely used protein motif database (Bateman, 
2000,2002). It is also constructed manually, but heavily 
reliant on HMM (Hidden Markov Model) method. The 
classification is 
other databases, 
done manually but substantially reliant on 
such as PROSITE and SCOP ( Structure 
Classification OF Proteins). The motifs are constructed from a 
carefully selected seed set and then refined iteratively by 
adding new member sequences and calibration of the models. The 
final motifs are represented as profile HMMs. 
The BLOCKS+ and PRINTS use PSSMs that are built from ungapped 
domain alignment (Attwood 2000, Henikoff JG 2000). BLOCKS+ is 
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automatically constructed and therefore easily upgraded. But 
BLOCKS from multiple domain alignments may identify a wrong 
domain. PRINTS partially overcome this problem by allowing 
short multiple conserved fingerprints in a domain. In 
addition, PRINTS is also manually classified. However, there 
is no good score system to identify domains in PRINTS since 
domains are identified by multiple fingerprints. 
The eMOTIF database was constructed automatically by the 
EMOTIF-MAKER algorithm from ungapped multiple alignments of 
protein domains from both BLOCKS+ and PRINTS. Different from 
BLOCKS+ and PRINTS, EMOTIF-MAKER reports multiple motifs from 
one alignment to cover different subset. It is a large 
collection of protein motifs represented by patterns, each of 
which has an associated p-value that shows how likely it can 
be found randomly in SWISS-PROT database. 
There are several other protein motif databases such as ProDOm 
(Automatically generated protein domain database, Carpet 
2000), PROTOMAP (automatic hierarchical classification of 
SWISS-PROT proteins, Yona 2000), SMART (Simple Modular 
Architecture Research Tool, Schults 1998, Letunic 2002), 
TIGRFAMs (TIGR protein families database, Haft 2001) etc .. 
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Table 1.1: Widely used motif databases 
otif DB Current omain Type of Construe ti Classifica 
release lignment Patterns ons Method 
(size) s 
PROSITE 17.12 Full Regular anual 
expressions 
(1564) rofiles 
PFAM 7.3 Full Profile anual 
(3849) HM11s 
PRINTS 34.0 Small PSSMs anual 
(1700) ngapped 
BLOCKS+ 13.0 ngapped PSSMs utomatic 
(8656) 
EMOTIF 2.5.1 ngapped Regular utomatic utomatic 
(184484) expressions 
Table 1.2 shows the sequence coverage of 4 protein motif 
databases based the annotation of SWISS-PROT 41 and TrEMBL 20. 
Apparently, the current motif databases have no full coverage 
over the protein sequence databases. If scanning novel protein 
sequences against motif databases, the coverage should be even 
lower (Nevill-Manning 1998). The reason for this low coverage 
is either because of incorrectly/inaccurately constructed 
motifs or motifs have not been constructed yet due to the 
unavailability of seed sequences in current protein sequence 
databases. 
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Table 1. 2: Sequence coverage of protein motif databases in 
SwissProt and TreMBL 
Motif Databases SW~SSPROT 41 TrEMBL20 
(107,165 s uences) (623,159 s uences) 
#sequences %sequences #sequences %sequences 
covered covered covered covered 
InterPro 84669 79% 388556 62% 
PROSITE 56446 52% 157571 25% 
Pfam 81101 76% 356022 57% 
PRINTS 28995 27% 74177 12% 
The above weakness derives from the construction method of 
motif databases. The construction of motif databases is data-
driven process. A set of homologous sequences is collected 
from the current protein sequence databases. Generally, this 
is done manually and must be carefully curated because the 
sensitivity and specificity of the motif is highly depended on 
the quality of homologous sequences. Then, the multiple 
alignment is constructed to find conservative sequence 
elements among them. 
The above process assumes that the observed conserved regions 
in the alignment of currently available member sequences could 
represent that protein family/subfamily. This may not be true 
in real situations. Practically, the collection of the 
homologous sequences won't be complete. We could not guarantee 
that the collection would cover all the sequence variations of 
a protein family/subfamily because the sequences of current 
database are from the limited number of model organisms and 
the number of available sequences is limited. Also, if there 
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are few high quality sequences available for a given 
family/subfamily, the motifs for that family/subfamily cannot 
be built correctly. 
In this project, I propose a new method to make protein motifs 
to overcome the above limitations. First, a position specific 
protein evolution model is set up for each protein family 
based on known member sequences. Then each member sequence in 
a given family will evolve by the path specified by the model. 
Finally, the evolved sequences are aligned to make motifs. 
The rationale behind this approach is that a member sequence 
is viewed as a dynamically evolving entity instead of a static 
observation. Based on the mutability specified for each 
position of a member sequenced by the protein evolution model, 
unlimited number of progeny can be evolved and all these 
progeny are assumed to be the potential variations that 
preserve the conserved regions or motifs of the parent. These 
progeny could be used to build protein motifs and therefore 
greatly improve the representation of original member 
sequences. 
There are several potential advantages to this approach. 
Motifs can be built on each sequence to obtain maximal 
completeness of motif databases. For example, all of the 
estimated 26,500 proteins of Arabidopsis thaliana have been 
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identified (http: //Arabidopsis.org ) . Thus we should be able 
to represent each gene family of the flowering plants by 
protein motifs. The representation of a sequence can be 
greatly improved by extending its variation through evolution 
based on the given model. A few member sequences could be 
enough to construct the correct motifs, which makes motif 
database less dependent on the available number of member 
sequences. 
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Chapter II: mFISHER Algorithm 
The mFISHER algorithm (Figure 2 .1) is designed to construct 
protein motifs from a small set of known member sequences. It 
assumes that each amino acid in a given protein sequence can 
be substituted by the other 19 amino acids based on a 
position-specific substitution model, i.e. each position is 
associated with a 20-element substitution vector which guides 
the mutation process of the amino acid in that position. The 
substitution vector in each position defined by the classical 
Dayhoff model depends only on the amino acid in that position. 
In mFISHER, the mutation rate at each position is additionally 
defined by local 2-D structure prediction, and phylogenetic 
tree information. 
Dayhoff Protein Evolution Model 
The Dayhoff protein evolution model was set up based on the 
study of protein sequences from 34 super protein families 
(Dayhoff 1978) . All the sequences in these 34 families were 
grouped into 71 subgroups with less than 15% sequence 
difference. Then the 71 phylogenetic trees were constructed 
and 1572 amino acid changes were observed. All the observed 
amino acid substitutions were considered as Accepted Point 
Mutation or PAM. Then the mutation probability matrix was 
constructed based on the observed PAM value. The matrix was 
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called PAM substitution probability matrix or simply called 
PAM matrix or PAM table. PAM table specified the probability 
of each of 20 standard amino acids to be replaced by the other 
19 amino acids. PAM table was then normalized to allow only 1% 
point mutations accepted at any position and noted as PAMl 
table (Figure 2.2). PAMl denotes a time interval during which 
there is 1% chance of change accepted at any position, i.e. 
one expects 1% of positions to change after lPAM (Dayhoff, 
1978). 
The simulation of protein evolution on a protein sequence 
under the guidance of PAMl table includes 3 steps: 1) take 
each residue in the given protein sequence; 2) generate a 
random number between O and 1 for each residue; 3) compare the 
random number with the substitution vector in PAMl table and 
determine if the residue remains unchanged or is substituted 
by another amino acid. For example, the following is one 
member of hydrogenase expression/formation protein (PS01079 in 
PROSITE) . 
>splP40428IHYPC_RHOCA Hydrogenase expression/formation protein 
MCLGIPGQIVAITDAGRMMALADVSGVKRAVNVACVAEGPLEDLLGHWALIHVGFAMSLIDE 
AEAARTLEALRDLGEAQETLAQMAEGAAALEGRGT 
To evolve one PAM distance for HYPC_RHOCA, take the first 
amino acid 'M', generate a random number between O and 1 for 
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it, and then compare with the substitution vector of 'M' that 
is the 13 th column of PAMl. 
If the random number generated is between O and O. 0006, 'A' 
will replace 'M' in the progeny sequence. If between O. 0006 
and 0.0006 + 0.0004 = 0.0010, 'R' will replace 'M', and so on. 
If the random number is between O. 0093 and O. 9967, 'M' will 
remain unchanged. 
After PAMl was applied to the first amino acid, move on to the 
second residue 'C' and do the same thing except using the 
subs ti tut ion vector for 'C' (i.e. the 5th column in PAMl) . 
Continue the same process until the end of the sequence is 
reached. 
If the whole process is repeated 100 times, one hundred 
progeny are evolved. All these progeny have an average 
distance of one PAM (i.e. 1% amino acid difference) from the 
original sequence. To evolve N PAM distance on a given 
sequence, simply apply PAMl N times at each residue. 
Dayhoff model assumes that mutation at each residue of a 
sequence is independent, which means that the replacement at 
any site depends only on the amino acid at that site. The same 
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amino acid behaves exactly the same in evolution process 
wherever it appears. But this is not the case in the real 
situation. It has been demonstrated that the same amino acid 
has quite different mutability in different 2-D structure 
environments (Luthy, 1991). Therefore, we modified the 
mutability of each amino acid based on its local 2-D 
structure. 
Predicted 2-D Structure 
Table 2.1 shows the relative immutabilities of amino acids in 
different 2-D structure environments. The relative mutability 
ratio of one amino acid is calculated as: Total Observed 
Exchanges I Total Occurrences. In the table, relative 
mutability is normalized and the mutability of alanine has 
been set to 100 arbitrarily. 
It is indicated in Table 2 .1 that the same amino has quite 
different immutabilities in three different 2-D structure 
categories. For example, lysine in coil region (mutability= 
52) is almost twice more often conserved than that in helix 
regions (mutability= 100). 
Figure 2. 3 shows the predicted 2-D structure of HYPC_RHOCA 
Hydrogenase expression/formation protein by PSIPRED (Jones 
1999) . There are three confidence numbers for each residue, 
which add up to 1. The 2-D with highest confidence are taken 
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as the predicted 2-D category by PSIPRED program. To quantify 
the relative mutability for each residue, all the 3 confidence 
values are used. The relative mutability for i-th residue is 
calculated as follows: 
where and r . ei are the relative immutabilities of the 
amino acid at the i-th position in coil, helix and strand 
respectively from Table 2. 1 . cci chi and cei are the confidences 
of the i-th residue predicted to be in coil, helix and strand, 
respectively. 
For example, for the first amino acid methionine in 
HYPC_RHOCA, the confidence of predicted, coil helix and strand 
are 0.977, 0.003, and 0.003. The mutability of methionine in 
coil, helix and strand are 94,169 and 147, therefore, 
mutability [1] = 0.977*94 + 0.003*169 + 0.003*147 = 92.786. 
Similarly, 
mutability [2] = 0.544*34 + 0.067*189 + 0.283*35 = 41.06. 
The Dayhoff model assumes that the mutability (denotes as 
mutability[aa] here) for each amino acid is fixed, as shown in 
the first column of Table 2.1 . The ratio of mutability[i] over 
mutability[aa] can be used as a measurement of conservation at 
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the i-th residue based on predicted 2-D structure, denoted as 
mut_2d [ i] . Thus, 
mut_2d[i] = mutability[i] / mutability[aa] 
For example, the 10th position is valine, mutability[val] = 
74, mut_2d [10] = 65.68/74= 0.89, which simply means that if 
the desired average evolution distance is 100 PAM, the 10th 
residue valine only evolves 89 PAM, or the 10 th amino acid 
evolves slower than the average. 
Phylogenetic tree information 
Because each member sequence has already been biased to a 
certain direction in the natural evolution, the alignment of 
member sequence provides very important evidence on how 
conserved each position could be. The conservation evidence 
from the alignment is quantified by the alignment score at 
each column using score matrix. I use Gannet score matrix 
because I use ClustalW to do alignment and ClustalW uses 
Gannet score matrix (Gannet 1992). The larger a positive 
score, the more conserved, and the less negative score, the 
more divergent. The distances between target sequence and 
-knovm -members determine -the contribution of each member to the 
conservation at each position. 
The distance between target sequence and known member 
sequences are calculated by clustalw. To remove redundancy, 
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the member sequences with the distance less than 0.6 are put 
into the same cluster. Each cluster has the total weight of 1. 
For example, four member sequences from hygrogenase 
expression/formation protein family were aligned and the 
phylogenetic tree was drawn as shown in Fig 2.4. The distances 
between them are calculated by clustalw and show as as 
following: 
HYPC_RHOCA 
HYPC_AZOVI 
HYPC_AZOVI 
0.63 
HOXL_AZOVI 
0.76 
0.75 
HUPF_RHOCA 
0.79 
0.78 
HOXL_AZOVI 0.57 
Use HYPC_RHOCA as target sequence (to be evolved), HUPF_RHOCA 
and HOXL_AVOVI are from the same cluster (distance <0.6) and 
weighted½ respectively. HYPC_AZOVI weights 1. 
The alignment score are calculated then by Gonnet score 
matrix, sequence distances to the other members and member 
sequence weights. 
score [ i] = s [ t [ i] , m [ i] ] * d [ t, m] * w [m] 
-t,m are the target sequence and member sequence. 
-t[i] and m[i] are the amino acids at i-th column. 
-s[t[i],m[i]] is the score from GONNET score matrix. 
-d[t,m] is the distance of between t and m. 
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-w[m] is the weight of m. 
For hydrogenase expression/formation protein family example, 
using HYPC_RHOCA as target sequence, 
the scores of the first residue of HYPC_RHOCA are calculated 
as the following: 
HYPC_AZOVI: score[l] = s[M,M]*0.63*1 = 4.3*0.63 = 2.71 
HOXL_AZOVI: score[l] = s[M,M]*0.76*0.5 = 4.3*0.76*0.5 = 1.6 
HUPF_RHOCA: score[l] = s[M,M]*0.79*0.5 = 4.3*0.79*0.5 = 1.7 
Accumulated score[l] Lscore[l] = 4.01. 
If the negative score appears, only negative scores are 
accumulated. This is because a negative score indicates 
divergence. For the 10th residue of the above example, 
HYPC_AZOVI: score[l] = s[V,E]*0.63*1 = -1.6*0.63 = -1.08 
HOXL_AZOVI: score[l] = s[V,L]*0.76*0.5 = 1.8*0.76*0.5 = 0.71 
HUPF_RHOCA: score[l] = s[V,L]*0.79*0.5 = l.8*0.79*0.5 = 0.68 
Lscore[l0] = -1.01. 
The Lscore [ 10] is transformed to a base 2-logari thm value. 
When transformed value is less than ILscore[l0]/101, the later 
is used. Therefore, restrictions on the mutability at a 
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specific column from tree information is denoted as mut_tree, 
and mut_tree = max( ILscore[i]/101, log(ILscore[i] I) }. 
Evolution 
Combined the factors from mut_2d and Lscore, a position 
specific vector that scales up or down the evolution rate 
position specifically can be calculated by: 
V[i] = 1 + mut_2d[i] * mut_tree[i] 
The vector V is homogeneously set to 1. mut_2d is the 
influence factor of predicted 2D structure. 
The distance to be evolved at residue i of the target sequence 
is defined as follows: 
N/V[i] when Lscore [i] > 0 (conserved) 
N*V[i] when Lscore [i] < 0 (divergent) 
Where N is the overall desired evolution distance that is 
designated at the beginning. 
Therefore, in the new protein evolution model, PAM table is 
still used as before during evolution process. But different 
from PAM model, the evolution rate is different position 
specifically based on V[i]. 
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For example, suppose sequence HYPC_RHOCA is going to evolve 
100 PAM distance. The simulation of evolution process is the 
same as we use Dayhoff model. But the distances are different 
in different residue. In the first residue, V[l] = 1 + 
mut_2d[l] *max ILscore[l] /10 I, log( I ( ILscore[l] I) = 1 + 
0 . 9 9 * max { I 4 . 01 / 10 I , 1 og ( I 4 . 01 I ) } = 3 . Bee au s e Ls co re [ 1 ] = 
4.01 >0, the first residue is more conserved than the average, 
therefore, only evolve 100/3 = 33 PAM distance. At position 
10, V[l0] = 1 + 0.89*0.11 =1.1, Lscore[l0] = -1.08 < 0, 
residue is more diverged than the average. Therefore residue 
10 evolves 100* 1.1 = 110 PAM distance. 
Motif extraction 
Each member sequence has its own position specific evolution 
model to guide its evolution. All the evolved sequences are 
aligned together. The contribution of each sequence is 
calculated by the position based sequence weight method from 
seed alignments (Henikof S, 1994) . The information content 
(IC) of each aligned column is calculated by following 
formula: 
IC[i] = Li=t [ fi * log(fjBJ ] 
fi Observed letter frequency 
Bi Background letter frequency 
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In addition, 20 amino acids are classified into 6 groups 
(Table 2.2). If the frequency of one group is more than 0.8, 
we add a factor to the IC of that column. Presently, the IC is 
increased 1.5 times when it occurs. 
Table 2.2: Classification of 20 amino acids (data from Dayhoff 
1978) 
Group Properties Amino Acids 
1 s-s Cys 
2 Acidic Asn, Asp, Glu, Gln 
3 Basic His, Arg, Lys 
4 Aromatic Phe, Tyr, Trp 
5 Hydrophobic Met, Ile,Leu,Val 
6 Other Hydrophobic Ser, Thr, Pro, Ala, Gly 
If there is gaps at the column, the IC= -1; 
All the columns with IC >=3. 5 are thought as significant 
conserved columns. If the interval between 2 significant 
columns is less than 10, they are grouped together to a 
significant group. If the significant group contains 2 or more 
significant columns, it forms a motif beginning from the first 
significant column and ending at the last significant column. 
Then the motif is extended leftwards and rightwards 5 
positions and include the columns with IC >=2.0. The motif 
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should not contains gap, i.e., is there is gap (IC= -1) in a 
motif, it should be either split into two motifs if possible 
or discarded. 
After the motif is found, the log-odds scores at each motif 
position are calculated by log (f i /BJ where i is from 1 to 20. 
The final motifs are represented as PSSM format, 20 columns 
per residue. 
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CHAPER III: EVALUATION OF mFISHER ALGORITHM 
Protocols 
To evaluate the mFISHER algorithm, 160 protein motif families 
with at least one false positive or false negative hit and has 
less than 20 members in SWISS-PROT v38 were chosen from 
PROSITE database (v 16. 0) . 2-5 seed sequences were randomly 
picked from the true members and used to construct protein 
motifs using the mFISHER algorithm. The constructed motifs 
were fed to MAST (Motif Alignment and Searching Tool, Bailey 
1998). Positive hits were extracted with cutoff E-value of le-
5. Then, the specificity and sensitivity rate were calculated 
as follows: 
Specificity= 
true positives/(true positives+ false positives) 
Sensitivity= 
true positives/(true positives+ false negatives) 
The protein motifs are also constructed by MEME and compared 
with mFISHER. 
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Results And Discussions 
1) Efficiency of mFISHER 
Figure 3 .1 shows the average efficiency of mFISHER on 160 
PROSITE motif families evaluated by both specificity and 
sensitivity. The more seed sequences are used, the higher the 
sensitivity will be. Protein motifs constructed from 2-5 known 
member sequences can fish out more than 80% of total members 
from sequence database. Adding additional sequence to a 2 seed 
sequence set can significantly improve the sensitivity (at 5% 
significance level). But, there is a less improvement from 3 
to 4 seeds and 4 to 5 seeds. It makes sense considering the 
redundancy of the seed sequences. Even though there is no 
significant difference among specificities of 2-5 seed 
sequences, it seems that the specificity is highest at 2 
seeds, and a slightly decrease at 3-5 seeds. One possible 
reason is that the alignment could be less accurate when a 
very divergent member sequence joins in and could make motif 
too general. This is also why PROSITE will take out the remote 
member sequence from initial set of alignment when 
constructing protein motifs. 
The overall evolution distance influences the sensitivity 
(Figure 3. 2). For example, for protein motif family PS00736 
with 2 seeds, 50-100 PAM are the best for maximal sensitivity. 
But with 4 seeds and 5 seeds, 50 and 100 PAM are the best 
respectively. 
best choice. 
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In case of PS00051 with 4 seeds, 25 PAM is the 
The best PAM distance for the evolution is 
closely related to the divergence among member sequences. The 
more divergent among member sequences, the more PAM distance 
is required to be evolved. However, it is not the only factors 
that should be considered. In the real situation, it is better 
to use try-and-see strategy . Based on my testing results, 25 
PAM is a good start choice in most cases. 
2) Comparison with MEME 
Compared with MEME, the sensitivity of mFISHER is better than 
MEME at 2-4 seeds cases, especially at 2 seeds case. It 
indicates that the evolution does improve the presentation of 
seed sequences. At 5-seed case it seems that MEME has a 
slightly higher sensi ti vi ty than mFISHER ( Figure 3. 3) . But 
when compared by each protein motif families, there are 35 
families where mFISHER has a higher sensitivity than MEME and 
only 16 less than MEME (Figure 3.4). This confliction 
indicates that mFISHER has very low specificities at some 
cases at 5-seed. The reasons come from over-evolution or 
multiple alignment of remote member sequences. 
For example in case of protein family PS00082 (Extradiol ring-
cleavage dioxygenases), the sensitivity is 2/18 = 11% at 25 
PAM. But at 1 PAM distance, the sensitivity increases to 14/18 
= 77%. Clearly, the sequences are over evolved. 
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Figure 3.5 shows that the protein family PS00872 from PROSITE 
(Sodium:galactoside symporter family) There are total 2 0 
members in SWISS-PROT 38 based on PROSITE annotations. The 
motif is a pattern ( [DG]-x(3)-G-x(3)- [DN]-x(6, 8)- [GA]- [KRHQ]-
[FSA]-[KR]- [PT]-[FYW]-[LIVMWQ]- [LIV]-x- [GAFV]- [GSTA]). The 
pattern is contained in 18 of 20 members. The Phylogenetic 
tree and the randomly picked 5 seed sequences for testing 
mFISHER are indicated in Figure 3.6. There are 3 blocks 
alignment in BLOCKS database for this family 
(http://blocks.fhcrc.org / blocks-bin / getblock.sh?IPB001927 ). 
The results of motif discovery for PS00872 by mFISHER and MEME 
methods are shown in Table 3.1. 
Table 3 .1 Results of motif discovery for PS00872 by mFISHER 
and MEME 
Seed Method True False False Specificity Sensitivity PAM# 
# Positives Positives Negatives (%) (%) 
2 rnFISHER 19 0 1 100 95 25 
MEME 13 0 7 100 65 
3 rnFISHER 20 0 0 100 100 25 
MEME 8 0 12 100 40 
4 rnFISHER 16 0 4 100 80 25 
20 0 0 100 100 10 
MEME 20 0 0 100 100 
5 rnFISHER 19 0 1 100 95 25 
20 0 0 100 100 10 
MEME 20 0 0 100 100 
At 2 seeds, 19 out of 20 members are fished out by motifs from 
mFISHER at e-value of le-5. The only sequences left out is 
YCR3_ERWHE(Q01334) with e-value of 0.00016, which is also 
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annotated by PROSITE as false negative. Only 13 members are 
discovery by MEME. Figure 3. 7 shown the alignment of 2 seed 
members and motifs built for it. 12 motifs (regions above the 
gray bars) are discovered by mFISHER, which covers almost all 
regions of 2 member sequences. While 6 motifs from MEME are 
shorter and only 2 are meaningful. One is indicated by red 
label that overlaps with a mFISHER motif, PROSITE PATTERN and 
blocks IPB001927B. Another is labeled by orange color that 
covers the same 11 amino acids region as mFISHER motif 11. All 
the other 4 motifs from MEME are meaningless based on the 
multiple alignment. MEME discovery motifs based on EM 
algorithm, instead of multiple alignment. Therefore the motifs 
may not biologically meaningful even though it is 
statistically significant. For example, the motif regions 
labeled by yellow color in two members seems unlikely to be 
alignment together because they are distributed far away and 
are not repeats. It is very common for MEME to discover the 
motifs that cannot alignment together naturally. 
When an additional sequence YCR3_ERWHE (Q01334) is added to 
the seed set, 6 motifs are discovery by mFISHER with the 
sensitivity of 100% (Figure 3.8). Only the 4 th is a long motif 
of 55 amino acid that covers the third blocks ( labeled by 
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green box) from BLOCKS. The PROSTE pattern region is excluded 
because it is not the conserved region in YCR3_ERWHE. Even 
though the second blocks (labeled by orange box) from BLOCKS 
are contained in all three sequences, clustalw did not align 
them together. Based on the annotation of PROSITE, I would not 
trust the blocks from BLOCKS in this region. For MEME, only 
one motif is meaningful (labeled by red) that overlaps with 
the 4th of mFISHER motif. The sensi ti vi ty of MEME is 65% 
(Figure 3. 8). 
Figure 3.9 shows the result from 4 seeds case. It seems that 
adding an additional member sequence to 3-seed set reduces the 
sensitivity of mFISHER to 80% at PAM 25, while the sensitivity 
of MEME in this case increases to 100%. MEME discovers a 50 
amino acids motif (labeled by red) that overlaps most of the 
third blocks from BLOCKS. Additionally, 4 of the other 5 
motifs are meaning for the subset of protein family in this 
case. It seems that mFISHER lost some characteristic motifs. 
However, evolution with 10 PAM can recover the other 20% of 
sensitivity. At 10 PAM distance, the two smaller motifs at 
25PAM from mFISHER in the region covered by the third blocks 
of BLOCKS merge into one larger motif and additional 2 new 
motifs are discovered. The reason for this improvement derives 
29 
from the fact that adding a divergent amino acid to a column 
may change the evolution rate of that column and therefore may 
eliminate some significant columns even though the column is 
still conserved. The way to recover it is to decrease the over 
all PAM distance to be evolved. The results from 5 seeds case 
are similar to those of 4 th seeds case (Figure 3.10). 
Figure 3.11 shows the effect of gaps in PS00425 family 
(Arthropod defensins). PS00425 family has 19 members in SWISS-
PROT database. mFISHER discovered 2 motifs for PS00425 at the 
4 seeds case (Figure 3.11 a). The two motifs of mFISHER can 
fish out 17 members from SWISS-PROT with the sensitivity 89%. 
However, adding the fifth sequence introduces 2 gaps and 
destroys part of the first motif and the sensitivity drops to 
10/19 = 53% (Figure 3.11 c). Currently, gaps are not allowed 
in protein motifs. Adding one new sequence to the seed set 
could introduce some additional gaps into alignments and could 
disrupt the original protein motifs. Based on the current 
motif extraction strategy, a new gap will totally destroy the 
original protein motif if the motif has only 2 significant 
conserved columns. For the motifs with more than three 
significant conserved columns, a new gap could separate it 
into 2 small motifs or destroy part of them. In either way, 
the quality of protein motifs drops down. In the PS00425 
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example, the first motif has 5 (IC >= 3.5) significant 
conserved columns . The fifth sequence (P80154) joins and 
changes the alignment. 2 new gaps are introduced and create a 
new significant conserved column. But the gaps prevent the 
last 2 significant columns from joining the first motif in 5-
seed case, i.e. the half of the first motif is just discarded 
because of gaps. 
The specificity between MEME and mFISHER is similar (Figure 
3.12). It seems that mFISHER is little better than MEME at 2, 
4 and 5 seeds based on counting result (Figure 3.13). 
In summary, mFISHER is a promising method for making protein 
motifs based a small set of known member sequences; 2-5 known 
member can be used to make motifs to fish out more than 80% 
protein 
Compared 
families members with 
especially 
with 
only 
MEME, 
2 or 
mFISHER 
3 members 
specificity more than 90%. 
is better in sensitivity; 
are available. mFISHER is 
promising for constructed a protein motif database with a full 
coverage. 
31 
CHAPTER IV: FUTURE DIRECTION 
There is a lot of space for improvement of mFISHER algorithm. 
Currently protein motifs discovered by mFISHER are represented 
as PSSM that is ungapped . However, new sequences added to seed 
set may introduce gaps and disrupt the PSSM and cause low 
quality motifs. One way to deal with it is turning a PSSM into 
a protein profile. Another way is only allowing observed gaps 
in the alignment, instead of turning PSSM into a general 
profile. This can be done using multiple motifs to represent 
the one with gaps or modifying MAST to allow scanning gap-
containing PSSM. 
There is no statistic basis behind the formula for calculating 
the position specific mutability vector that is used to guide 
the evolution process. The empirical values are used as 
default to calculate mutability vector from 2-D and 
phylogenetic tree. And it seems working . But some statistic 
rule should be set up to deal with the problems such as what's 
the best PAM distance for evolution in the real situation. 
There are a lot of factors that could influence the mutability 
of a residue in the process of evolution, such as folding and 
hydrophobic information around it. Amino acids on the surface 
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are more likely to be substituted by a hydrophilic amino acid 
while inner amino acid are more like to change to hydrophobic 
one. The more factors are incorporated into the evolution 
models, the more realistic it would be. 
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APPENDIX 
Table 2.1: The mutability of amino acids in PAM table and three 2-D 
structural categories(Data from Luthy, 1991) 
- PAM H l i E ,; ••, C _,t 
' 
.. - ... ··,'. - ·- - .. '2 .. -l . -- -
A JOO JOO JOO JOO 
C 20 189 35 34 
D 106 159 98 70 
E 102 154 102 108 
F 41 71 61 34 
G 49 131 81 34 
H 66 121 104 50 
I 96 142 78 73 
K 56 JOO 89 52 
L 40 65 75 50 
M 94 169 147 94 
N 134 234 159 114 
p 56 140 78 38 
Q 93 244 117 118 
R 65 218 106 88 
s 120 187 87 73 
T 97 217 92 63 
V 74 IOI 66 68 
w 18 43 42 49 
y 41 82 73 60 
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Known Member Sequences 
l j l 
Dayhoff Model 2-D Structure Multiple Alignment 
L___ l Evolution Model4•--------
l 
Artificial Evolution 
l 
Alignment of Progeny Sequences 
Pseudo count Sequence Weights 
Extract & Format Motifs 
Figure 2.1. Flow chart of mFISHER Algorithm 
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Ala Arg Asn Asp Cys Gln Glu Gly His Ile Leu Lys Met Phe Pro Ser 'fur T.r:p 'fyr Val 
A R N D C Q E G H I L K M F p s T w y V 
Ala A 9867 2 9 10 3 8 17 21 2 6 4 2 6 2 22 35 32 0 2 18 
Arg R 1 9913 1 0 1 10 0 0 10 3 1 19 4 1 4 6 1 8 0 1 
Asn N 4 1 9822 36 0 4 6 6 21 3 1 13 0 1 2 20 9 1 4 1 
Asp D 6 0 42 9859 0 6 53 6 4 1 0 3 0 0 1 5 3 0 0 1 
Cys C 1 1 0 0 9973 0 0 0 1 1 0 0 0 0 1 5 1 0 3 2 
Gln Q 3 9 4 5 0 9876 27 1 23 1 3 6 4 0 6 2 2 0 0 1 
Glu E 10 0 7 56 0 35 9865 4 2 3 1 4 1 0 3 4 2 0 1 2 
Gly G 21 1 12 11 1 3 7 9935 1 0 1 2 1 1 3 21 3 0 0 5 
His H 1 8 18 3 1 20 1 0 9912 0 1 1 0 2 3 1 1 1 4 1 
Ile I 2 2 3 1 2 1 2 0 0 9872 9 2 12 7 0 1 7 0 1 33 
Leu L 3 1 3 0 0 6 1 1 4 22 9947 2 45 13 3 1 3 4 2 15 
Lys K 2 37 25 6 0 12 7 2 2 4 1 9926 20 0 3 8 11 0 1 1 
Met M 1 1 0 0 0 2 0 0 0 5 8 4 9874 1 0 1 2 0 0 4 
Phe F 1 1 1 0 0 0 0 1 2 8 6 0 4 9946 0 2 1 3 28 0 
Prop 13 5 2 1 1 8 3 2 5 1 2 2 1 1 9926 12 4 0 0 2 
Sers 28 11 34 7 11 4 6 16 2 2 1 7 4 3 17 9840 38 5 2 2 
'fur T 22 2 13 4 1 3 2 2 1 11 2 8 6 1 5 32 9871 0 2 9 
T.r:p w 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 9976 1 0 
'fyr y 1 0 3 0 3 0 1 0 4 1 1 0 0 21 0 1 1 2 9945 1 
Val V 13 2 1 1 3 2 2 3 3 57 11 1 17 1 3 2 10 0 2 9901 
Figure 2.2. 1 PAM evolutionary mutation probability matrix. 
Top row shows original amino acid; left column shows 
replacement amino acid. To simplify the appearance, the 
elements are shown multiplied by 10,000. ( Dayhoff, 1978) 
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POS AA Predicted Confidence 
2-D Coil Helix Sheet 
1 M C 0.977 0.003 0.003 
2 C C 0.544 0.067 0.283 
3 L C 0.627 0.049 0.331 
4 G C 0 . 681 0.060 0.263 
5 I C 0.759 0.027 0.199 
6 p C 0.814 0.006 0.203 
7 G E 0.430 0.005 0.548 
8 Q E 0.088 0.007 0.857 
9 I E 0.027 0.005 0.955 
10 V E 0.020 0.003 0.970 
11 A E 0.030 0.004 0.964 
12 I E 0.073 0.002 0.912 
13 T C 0.814 0.001 0.206 
14 D C 0.903 0.011 0.091 
15 A C 0.966 0.016 0.016 
16 G C 0. 913 0.040 0.040 
17 R C 0.575 0.046 0.388 
18 M E 0 .171 0.024 0.697 
19 M E 0.037 0.008 0.923 
20 A E 0.031 0 . 004 0.942 
21 L E 0 . 027 0.004 0.964 
22 A E 0.037 0.008 0.943 
23 D E 0.182 0.023 0.794 
24 V E 0.288 0.022 0.731 
25 s C 0.749 0.024 0.224 
26 G C 0.929 0.005 0.099 
27 V C 0.605 0.009 0.528 
28 K E 0.239 0.003 0.837 
29 R E 0.064 0.004 0.930 
30 A E 0.024 0.007 0.969 
II 
81 T H 0.029 0.963 0.000 
82 L H 0.023 0.968 0.000 
83 A H 0.035 0.950 0.000 
84 Q H 0.062 0.925 0.000 
85 M H 0.099 0.889 0.001 
86 A H 0.161 0.809 0.002 
87 E H 0.383 0.545 0.002 
88 G H 0.588 0.288 0.005 
89 A H 0 .138 0.815 0.010 
90 A H 0.175 0.730 0.011 
91 A H 0.249 0.742 0. 013 
92 L C 0.526 0.443 0.016 
93 E C 0.838 0.121 0.010 
94 G C 0.924 0.051 0. 013 
95 R C 0.934 0.024 0.026 
96 G C 0.978 0.008 0.006 
Figure 2.3 Predicted 2-D structure of HYPC_RHOCA, a Hydrogenase 
expression/formation protein by PSIPRED. 
(a) 
splP4059 2 IHOXL_AZOVI 
spJQ03005IHUPF_RHOCA 
splP40428JHYPC_RHOCA 
splP31881jHYPC_AZOVI 
splP40592IHOXL_AZOVI 
splQ03005IHUPF_RHOCA 
splP40428IHYPC_RHOCA 
splP31881IHYPC_AZOVI 
(b) 
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MCIGIPLRVLECAPG - - RALCGDENGV-RWIDTRLVEP - PAP- --GDWLLVFLDAAREIL 
MCVGIPVQLLAVDGI --RGDVIEDGRP-GLVDLSLVPE-ARP---GDWVLAFLGAAREVL 
MCLGIPGQIVAITDAGRMMALADVSGVKRAVNVACVAEGPLEDLLGHWALIHVGFAMSLI 
MCLAIPVRIEELLDE --QSAVACIGGLRKTINVALLDD- -LK--VGDYVILHVGFALQKL 
* * : . * * .. *. : : . : . * 
DAGRAARIREALRALQAVQAGDPAALAGLFADLD- REPQLPPHLQAQLPPKEPT-
TPEAAAQISAALGGLRSLMAGG- - DLGDAFADLEARSPQLPPHLQAALDAGKTRA 
DEAEAARTLEALRDLG - -- -----EAQETLAQMAEGAAALEGRG------ --- --
DEAEAQRTLALLAELG--- - ----RLAEA-EQAAQGEAP----- - -- - ------ -
* * * 
.31 splP31881 IHVPC AZOVI 
.32 
•PIP4042BIHVPC RHOCA .17 
.30 
splQ03005IHUPF RHOCA 
splP40592IHOXL AZOVI 
.27 
Figure 2.4 Multiple alignment of 4 member sequences of 
Hydrogenase expression/formation protein family (a) and the 
phylogenetic tree(b) . 
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Figure 3.1 Average efficiency of mFISHER on 160 
selected PROSITE motif families 
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Figure 3.2 Influences of evolution distance (25-
lS0PAM) on sensitivity of mFISHER. PS00051: 
Ribosome protein 7 family. PS00736: Single-strand 
binding protein family. 
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Figure 3.3 Comparison of average sensitivity 
between mFISHER and MEME 
121 _________ _...... ____ 
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Figure 3.4 Comparison of sensitivity between 
rnFISHER and MEME by counting the higher 
sensitivity cases. 160 cases at each category. 
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AC PS00872; 
DT OCT-1993 (CREATED); JUL-1999 (DATA UPDATE); JUL-1999 (INFO UPDATE). 
DE Sodium:galactoside symporter family signature. 
PA [DG]-x(3)-G-x(3)-[DN]-x(6,8)-[GA]-[KRHQ]-[FSA]-[KR]-[PT]-[FYW]-[LIVMWQ]-
PA [LIV] -x- [GAFV] - [GSTA] . 
NR IRELEASE=38,80000; 
NR ITOTAL=18(18); IPOSITIVE=18(18); IUNKNOWN=0(0); IFALSE_POS=0(0); 
NR IFALSE_NEG=2; IPARTIAL=0; 
cc 
DR 
DR 
DR 
DR 
DR 
DR 
DR 
DO 
II 
AC 
DT 
DE 
PA 
NR 
NR 
NR 
cc 
cc 
cc 
DR 
DR 
DR 
DR 
DR 
DR 
DR 
DR 
3D 
DO 
II 
ITAXO-RANGE=???P?; IMAX-REPEAT=l; 
034368, GUTA_BACSU, T; 033814, LACP_STAXY, T; P22733, LACY_LACDE, T; 
Q48624, LACY_LEULA, T; P23936, LACY_STRTR, T; P02921, MELB_ECOLI, T; 
007366, MELB_ENTAE, T; Q02581, MELB_KLEPN, T; P30878, MELB_SALTY, T; 
P43466, RAFP _PEDPE, T; P30868, UIDB_ECOLI, T; P96792, XYLP_LACPE, T; 
P75683, YAGG_ECOLI I T; P31435, YICJ_ECOLI, T; P32136, YIHO_ECOLI, T; 
P32137, YIHP_ECOLI, T; 034961, YJMB_BACSU, T; P94488, YNAJ_BACSU, T; 
Q01334, YCR3 _ERWHE, N; P74168, YD74 _SYNY3, N; 
PDOC00680; 
PS00425; 
NOV-1990 (CREATED); NOV-1995 (DATA UPDATE); JUL-1998 (INFO UPDATE). 
Arthropod defensins signature. 
C-x(2,3)-[HN]-C-x(3,4)-[GR]-x(2)-G-G-x-C-x(4,7)-C-x-C. 
IRELEASE=38,80000; 
ITOTAL=20(20); IPOSITIVE=18(18); IUNKNOWN=0(0); IFALSE_POS=2(2); 
IFALSE_NEG=l; IPARTIAL=0; 
ITAXO-RANGE=??E??; IMAX-REPEAT=l; 
ISITE=l,disulfide; ISITE=4,disulfide; ISITE=ll,disulfide; 
ISITE=13,disulfide; ISITE=l5,disulfide; 
016136, DEFl_STOCA, T; 016137, DEF2_STOCA, T; 
P41965, DEF4_LEIQH, T; P80033, DEFA_ZOPAT, T; 
Q10745, DEFI_ALLDI, T; Q17027, DEFI_ANOGA, T; 
P81462, DEFI_BOMPA, T; P36192, DEFI_DROME, T; 
P80407, DEFI_PALPR, T; P10891, DEFI_PROTE, T; 
Q27023, DEFI_TENMO, T; P31530, SAPC_SARPE, T; 
P31529, SAPB_SARPE, N; 
022867, ITIS_ARATH, F; Q21313, LML2_CAEEL, F; 
lICA; 
PDOC00356; 
P56686, 
P80154, 
Pl 7722, 
P80571, 
P37364, 
P18313, 
DEF4_ANDAU, T; 
DEFI_AESCY, T; 
DEFI_APIME, T; 
DEFI_MYTGA, T; 
DEFI_PYRAP, T; 
SAPE_SARPE, T; 
Figure 3. PROSITE protein family PS00872 and PS00425 (from PROSITE database). 
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spjO34368jGUTA B ACSU 
spjP96792jXYLP LACPE 
spjO 33814jLACP STAXY 
21jMELB ECOLI spjP029 
spjP3087 8jMELB SAL TY 
spjO07 366jMELB ENT AE 
spjQ025 81 jMELB KLEPN 
spjQ48624jLACY LEULA 
spjP43466jRAFP PEDPE 
spjP22733jLACY LACDE 
spjP23936jLACY STRTR 
spjP74 168jYD74 SYNY3 
spj Q01334jYCR3 ERWHE 
spjP75683jY AGG ECOLI 
spjP31435jYI CJ ECOLI 
Seed sequence #1 
Seed sequence #4 
Seed sequence #3 
spjO34961 IY JM B BACSU Seed sequence #5 
-
I spjP32136jYI HO ECOLI 
I spjP32137jYI HP ECOLI 
spjP30868jUIDB E 
s P94488 YNAJ BA 
COLI 
Pl CSU Seed sequence #2 
0.1 
Figure 3.6: Phylogenetic tree of PS00872 protein 
family . Seed member sequences are indicated. 
Underlined sequences are annotated as false 
negative in PROTSITE. 
splQ48624ILACY_LEULA 
splP94488IYNAJ_BACSU 
spjQ48624jLACY_LEULA 
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Figure 3.7 Multiple Alignment of 2 seed sequences of PS00872, Sodium:galactoside symporter 
family and the protein motifs constructed from it. All the motifs are ungapped. 
Regions above gray bars: Motif regions predicted by mFISHER with PAM 25 
Colored sequences regions: Motif regions predicted by MEME, one motif with one color, total 
six MEME motifs showed; The motifs labeled by red is the most significant, then orange, 
yellow, green, darker green and cyan. 
Region above bold [): Prosite pattern PS00872 NA_GALACTOSIDE_SYMP, [DG)-x(3)-G-x(3)-[DN)-
x(6,8)-[GA)-[KRHQ)-[FSA)-[KR)-[PT)-[FYW)-[LIVMWQ]- [LIV)-x-[GAFV)-[GSTA]; 
Region inside squares: Block IPB001927A (red), Block IPB001927B (orange) and Block IPB001927C 
(green) from BLOCKS database; 
Clustalw indicates the conservation of the column by 
highest conservation. 
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Figure 3.8 Multiple Alignment of 3 seed sequences of PS00872 , Sodium:galactoside syrnporter family and the 
protein motifs constructed from it. All the motifs are ungapped. 
Regions above gray bars: Motif regions predicted by mFISHER with PAM 25. 
Colored sequences regions: Motif regions predicted by MEME, one motif with one color, total six MEME motifs 
showed; The motifs labeled by red is the most significant, then orange, yellow, green, darker green and 
cyan . 
Region above bold [): Prosite pattern PS00872 NA_GALACTOSIDE_SYMP , [DG)-x(3)-G-x(3)-[DN)-x(6,8)-[GA)-
[KRHQ)-[FSA)-[KR)-[PT)-[FYW]-[LIVMWQ]- [LIV]-x-[GAFV]-[GSTA]; 
Region inside squares: Block IPB001927A (red), Block IPB001927B (orange) and Block IPB001927C (green) from 
BLOCKS database; 
Clustalw indicates the conservation of the column by 
conservation . 
and. With* representing the highest 
sp I Q48624 I LACY_LEULA 
splP23936ILACY_STRTR 
splP9448BIYNAJ_BACSU 
splQ01334IYCR3_ERWHE 
splQ48624JLACY_LEULA 
sp I P2 3 9 3 6 J LACY_STRTR 
splP94488 j YNAJ_BACSU 
sp I Q01334 J YCR3_ERWHE 
sp I Q48624 J LACY_LEULA 
sp I P2 3 9 3 6 J LACY_STRTR 
sp I P94488 J YNAJ_BACSU 
splQ01334IYCR3_ERWHE 
splQ48624ILACY_LEULA 
spJ P23936 I LACY_STRTR 
spJP9448BIYNAJ_BACSU 
spJQ01334IYCR3_ERWHE 
splQ48624JLACY_LEULA 
sp I P2 3 9 3 6 I LACY_STRTR 
splP9448BIYNAJ_BACSU 
sp l Q01334IYCR3_ERWHE 
sp l Q48624ILACY_LEULA 
sp JP23936ILACY_STRTR 
sp JP9448BIYNAJ_BACSU 
sp l Q01334IYCR3_ERWHE 
sp l Q48624ILACY_LEULA 
splP23936ILACY_STRTR 
splP94488IYNAJ_BACSU 
splQ01334IYCR3_ERWHE 
sp l Q48624ILACY_LEULA 
splP23936ILACY_STRTR 
sp l P9448BIYNAJ_BACSU 
sp l Q01334IYCR3_ERWHE 
sp l Q48624ILACY_LEULA 
sp l P23936ILACY_STRTR 
sp I P94488 I YNAJ_BACSU 
splQ01334IYCR3_ERWHE 
sp l Q48624ILACY_LEULA 
sp l P23936ILACY_STRTR 
sp JP94488IYNAJ_BACSU 
sp l Q01334IYCR3_ERWHE 
splQ48624 I LACY_LEULA 
spl P23936 I LACY_STRTR 
sp I P94488 I YNAJ_BACSU 
sp I Q01334 I YCR3_ERWHE 
MKDITKQKFSRNKLV 
- - - - - -MEKSKGQMK 
---MFSENVKKISMV.:..:.c.==-==::.=..:== 
48 
SGMFDGLPQSVANKLI 
HLFN 
QVIGAVVSSVLLVVIF IFGLA 
GGGIISSITLLLL LGGLN 
LLFGAFPFVILAILC ---TP 
[PROSITE PATTERN PS00872 ] 
HINWIAFAIVFTVLFILLDIFYSFADVAYW 
KTNPFLYLVLFGIIYLVMDVFYSIKDIGFWS 
GIFTSLGSFTGSIGWNG 
EKMATFARIGSTIGANI 
DFSDMGKLIYAYITYVGLSLTYTTINVPYG SITSVRMLFANLGGLV 
- - - - - - - - - - - - - - - - - - - - - - -MLTMNNLLMVLVQALRQHRWLCL~ GVAYIFSSVGNGY 
,, , I - ,, · ·, * -I 
LTMIVVPVTTYFTFIATGKHEQGPSGWFGFSIVVSIVAVLSALAVAFGTKEKDNLIRNAA 
VGVAIMPIVLFFSMTNN- SGSGDKSGWFWF AF IVALIGVITS IA VG IGTREVESKIR -DN 
VAFFVPLLAAYLSDTSG----NESLGWQLTMGILGMIGGCLLIFCFKSTKERVTLQK--S 
TQ --~ PSTLTLTYMLATLP FIGS-----------
TKKTSIKDVFSGIIHNDQILWISLAYLMYSLAYVVTNGVLFYFFKFVLGKPNEFWIAGAI 
NEKTS LKQVFKVLGQNDQLMWLS LGYWFYG LG INTLNALQL YYFTF I LGDSGKYS IL YGL 
EEKIKFTDIFEQFRVNRPLVVLSIFFIIIFGVNSISNSVGIYYVTYNLEREDLVKWYGLI 
---------------------------- - ---- -- GSASYFMW L 
,t : .. : *! I 
A TVIGF STA PL YPVLNKF ITRKVLF S IGQMAMI LSYLFF I FG - - KTNMMMVTIGL I LFNF 
NTVVGLVSVSLFPTLADKFNRKRLFYGCIAVMLGGIGIFSIAGTSLPIILTAAELFFIPQ 
GSLPALVILPFIPRLHQFLGKKKLLNYALLLNIIGLLALLFVPPSNVYLILVCRLIAAAG 
!HILGKAAGSLLAKJ•lfi4MliiMYMhfri-AVLAGVLSIALijFAP-KSVFVLVPLTFIISTL 
TFAQ- LSL 
PLVF-
SLTAG YMWALI 
YQATT'IjLMWVMMl' 
i= ... •. =i 
TAGDISASKINTFEIYAFYTPLLFSILALVIFLWKVKHYo/S&\§iofiiif§f!§j:yu,SSG 
SASTITTHQQFIFKLGMFAFPAATMLIGAFIVARKITimtj;§:f'i(fi'i§j§f!§j:j#FSVA 
AQTPAALMGI LITTTI I PVFLLVLALIDINFYN- - - -TJ•)ij•§j'j•j§1§\fj:j#jij@§i;io- - -
PEQTSLAMHCIVALF LLSLAAFATLR - - -KLD TMQEINLAKMQTIVKG 
AKKANTSEVNVELEEIFAPASGQKKLLNEVDGNTLTG- - - -IGFAIDPEEGNLFAPFDGK 
TSEN- - -EVKANVVSLVTPTTGYLVDLSSVNDEHFASGSMGKGFAIKPTDGAVFAPISGT 
- - - - - - - - - - - - - - - - - - - - - - -KVYLDHIDDFKA- - - - - - - - - - - - - - - - - - - - - - - - -
VDFTFSTKHVLGVVSNNGLKAIIHVGIGTINMRGAGFVSHYVDGQLFKKGDLLMTFDKKL 
IRQILPTRHAVGIESEDGVIVLIHVGIGTVKLNGEGFISYVEQGDRVEVGQKLLEFWSPI 
ITKNGYQDDI IMYFTQ PENI IDVQQ IDNRVVKQGEK IAKLTFRSER 
IEKNGLDDTVLVTVTNSEKFSAFHLEQKVGEKVEALSEVITFKKGE 
Figure 3 . 9 Multiple Alignment of 4 seed sequences of PS00872, Sodium : galactoside symporter family and the protein motifs 
constructed from it . All the motifs are ungapped. 
Regions above gray bars : mFISHER motifs with 25PAM. Regions above blue box are mFISHER motifs with l0PAM 
Colored sequences regions : Motif regions predicted by MEME, one motif with one color , total six MEME motifs showed; The 
motifs labeled by red is the most significant, then orange , yellow, green, darker green and cyan . 
Region above bold[]: Prosite pattern PS00872 NA_GALACTOSIDE_SYMP, [DG]-x ( 3)-G-x(3)-[DN]-x(6,8) - [GA] - [KRHQ]-[FSA]-[KR]-[PT]-
[FYW] - [LIVMWQ] - [LIV] -x- [GAFV]- [GSTA]; 
Region inside squares : Block IPB001927A (red), Block IPB001927B (orange) and Block IPB001927C (green) from BLOCKS database; 
Clustalw indicates the conservation of the column by * : and . With * representing the highest conservation . 
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Figure 3 .10 Multiple Alignment of 5 seed sequences of PS00872, Sodium:galactoside symporter family and the protein motifs 
constructed from it. All the motifs are ungapped. 
Regions above gray bars: mFISHER motifs with 25PAM. Regions above blue box are mFISHER motifs with lOPAM 
Colored sequences regions: Motif regions predicted by MEME, one motif with one color, total six MEME motifs showed; The 
motifs labeled by red is the most significant, then orange, yellow, green, darker green and cyan. 
Region above bold[) : Prosite pattern PS00872 NA_GALACTOSIDE_SYMP, (DG)-x(3)-G-x(3)-(DN)-x(6,8)-[GA)-[KRHQ)-[FSA]-[KR]-
[PT]- [FYW)-[LIVMWQ]- (LIV]-x-(GAFV)- [GSTA); 
Region inside squares: Block IPB001927A (red), Block IPB001927B (orange) and Block IPB001927C (green) from BLOCKS database; 
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Figure 3 . 11 Multiple Alignment of 4 (a) and 5(c) seed sequences of PS00425, Arthropod defensins family and 
the protein motifs constructed for it.The information plots are shown in (b) and (d) for 4-seed and 5-seed 
respectively. All the motifs are ungapped. 
Regions above gray bars: Motif regions predicted by mFISHER with PAM 25 
Colored sequences regions: Motif regions predicted by MEME, one motif with one color; The motifs labeled by 
red is the most significant, then orange, yellow, green, darker green and cyan. 
Region above bold [) : Prosite pattern PS00425, C-x(2,3)-[HNJ-C-x(3,4)-[GR]-x(2)-G-G-x-C-x(4,7)-C-x-C; 
Clustalw indicates the conservation of the column by * : and. With* representing the highest 
conservation. 
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Figure 3.12 Comparison of average specificity 
between mFISHER and MEME. 
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Figure 3.13 Comparison of sensitivity between 
mFISHER and MEME by counting the higher 
specificity cases. 160 cases at each category. 
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